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Description 

The present invention relates to a process for the preparation of vinylaromatic crystalfine polymers with a predom- 
inantly syndiotactic structure. 

5 More specifically; the present Invention relates to a process for the preparation of crystalline polystyrene in which 
the polymeric chains have an essentially syndiotactic configuration and the catalyst suitable for the purpose. 

Polystyrene is a thermoplastic polymer obtained by the radicafic polymerization of styrene and is used in the pro- 
duction of moulded articles, films, electric materials, materials for packaging, etc. It is an atactic, amorphous polymer, 
having excellent insulating properties and reasonable thermal resistance. For numerous applications it is preferable 
10 however to use crystalline materials with a high thermal resistance and resistance to solvents, characteristics which 
atactic polystyrene does not have. 

European patent 21 0.61 5 describes a polystyrene having a structure characterized by an extremely high degree of 
stereoregularity, in which the phenyl substitutes are arranged to provide a syndiotactic polymer. This material does not 
have the above disadvantages of atactic polystyrene as it is crystalline and therefore, once transformed, can be sub- 
75 jected to orientation processes, it is almost completely insoluble in organic solvents and has a melting point within the 
range of 260-280°C and therefore has a high thermal resistance, comparable to or higher than that of condensation 
thermoplastic polymers (polyesters, polyamides, polyimides. etc). 

Syndiotactic polystyrene can be prepared as described in literature, for example accorrjng to what is described in 
European patent EP 272.584 or U.S. patent 4.978.730, by polymerization catalyzed by compounds of Ti, Zr. in the pres- 
to ence of a cocatalyst represented by methyialurrdnoxane (a mixture of cyclic and linear oligomers containing the repeti- 
tive units -AICH3O-) or, as described in published European patent application 421.659, from derivatives of boron 
containing fluorinated groups. 

Examples of catalysts for the synthesis of syndiotactic polystyrene mentioned in literature are titanium halides 
(chloride, bromide, etc.), titanium alcoholates (methodde, ethoodde, propoxide, isoprop oxide, butoxkJe etc.). titanium 
25 carboxylates, metallocenes (cyclopentadienyl titanium trichloride, cyclopentadienyl titanium dichloride, pentamethylcy- 
clopentadienyl titanium trichloride, cyclopentadienyl titanium altaddes, cyclopentadienyl titanium alkyls, pentamethyl- 
cyclopentadienyl titanium alkyls. dicyciopentacfieny} titanium dichloride, dicyclopentadienyl titanium aikoxides, etc.), 
titanium alkyls (titanium tetrabenzyl, titanium tetramethyl, titanium tetraethyl, etc.) and the corresponding compounds of 
zirconium. 

30 The Applicant has now found that it is possible to synthesize crystalline vinylaromatic polymers, and in particular 
crystalline polystyrene, having a predominantly syndiotactic configuration using a new catalytic system which has never 
been described in literature 

The present invention therefore relates to a process for the preparation of crystalline vinylaromatic polymers having 
a predominantly syndiotactic structure which comprises polymerizing vinylaromatic monomers, alone or mixed with at 
35 least another copolymerizable ethylenically unsaturated monomer, in the presence of a catalytic system essentially 
consisting of: 

a) a complex of titanium or zirconium selected from those having general formula: 

40 MR1R2R3R4, A-jMRjRgF^, AjAgMRiF^ (I) 

wherein the groups R1.R2.R3 and R 4 , the same or different, represent a C r C 10 (iso)alkyl, (iso)aikoxyl f alkylamidic 
radical, a Cs-C| 0 aryl radical or a halogen such as chlorine whereas the Aj and A2 groups, the same or different, 
represent a cydoperrtacfienyl ligand, optionally substituted with C^-0 1Q aikyl radicals, or an indenyl ligand; M repre- 
ss sents a titanium or zirconium atom; 

b) a cocatalyst selected from an aJkylalumoxane and a compound of boron having formula (II): 

BXnXzXs (II) 

so or one of its salts, wherein . X2 and X3, the same or different, represent a G, -C20 fluorinated hydrocarbon radical ; 
and 

c) a derivative of tin having general formula: 

SnR5R6R 7 R 8 (III) 

55 

wherein the R 5 , Rg, R7 and R& groups, the same or different, represent a C r C 10 (iso)aIkyl or aryl radical. 

With respect to the traditional catalytic systems, essentially based on compounds (a) and (b), the catalytic system 
of the present invention causes increases in one or more of the following parameters: 
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- activity of the catalytic system; 

- molecular weight of the syndiotactic polystyrene obtained; 

- degree of stereoregularity of the polymer. 

s The compounds having general formula (I) are products Known in literature and described in the European patent 

210.615 or in U.S. patent 4.978.730. 

Typical examples of complexes of titanium or zirconium having formula (I), particularly suitable for the present 

invention are TG\ 4 ; T^CHaC^; Ti(OCH3) 4 ; TifOCaHgh; TlfOQjH^; TifOi-CaHy)* TifOC^; TiMCRj)^; 

TiMC^Hs)^; Ti[N(C3H 7 )2j 4 ; Ti[N(i-C3H 7 )2U; Ti^H^; OpTiCfe; CpTifOCH^; CpTipCgHsfe; CpTl(OC3H 7 )3; 
to CpTi(Oi-C3H7)s: CpTi(OC 4 Hg) 3 ; CpTlINfCH^: CpTirNtCyyah; CpTiINfAHy)^; CpTWCgH^dsl 

CpTi[N{C 4 H9)2l3; CpTiCb; CpTKOCH^; CpTKOCgHsfc; Cp*71(OC3H 7 ) a ; Cp'TifOi-CaH^; CpTl(OC 4 H 9 )3 ; 

Cp'TiINfCHg)^; CpTitN^HsJds: Cp^TitN^Hy)^; Cp'TitNO-CyWah; Cp'Ti^H,)^; lnTlCf 3 ; lnTi(OCH 3 )3; 

ln7i(OC 2 H5)3; lnTl(OC3H 7 )3; lnTl(Oi-C3H 7 )3; lnTi(OC 4 H 9 ) 3 ; InTiINfCHaJgb; InntNfCaHsJgfe; InTiMCaHj)^; lnTl[N(i- 

C 3 H 7 ) 2 ] 3 ; lnTi[N(C 4 H 9 )2]3; etc. and the corresponding derivatives of Zirconium. 
75 (Cp = cyclopentadienyi; In = indenyl; Cp* = pentamethylcyclopentadienyl). 

The oompounds of titanium or zirconium having general formula (I) are added to the polymerization mixture in such 

a quantity that the molar ratio vinyl-aromatic monomer/M (M =» titanium or zirconium) is between 1,000 and 200,000, 

preferably between 10,000 and 150,000. 

The alkytalumcocane cocatatyst essentially consists of mixtures of products having a linear or cyclic or caged struc- 
20 ture. In the first case the structure is represented by the general formula (IV): 



25 
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so whereas in the second ca6e by the general formula (V): 
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40 wherein m represents an integer between 1 and 40 and FV a -C^ preferably C 1 -Cg, al kyi radical ; a C 6 -C 20 , preferably 
(VC 12 , aryl radical; a C7-C20. preferably C7-C 12 , aralkyl or alkyiaryl radical; or a C3-C20, preferably C 5 -Cs, cycloalkyl 
radical; or an OFT radical wherein FT represents a CyC* preferably C r C 4 , alkyl radical; a C s <ho> preferably C 6 -C 12 , 
aryl radical; or a halogen atom, such as chlorine, fluorine or bromine, provided not all the R t radicals are contempora- 
neously 0-R' or halogens. The caged structure is descrfeed in Molecular Symposium, Vol. 97, 1995. 

45 The above cocatalysts, having general formula (IV) and (V). are known in literature and described, for example, in 
published European patent applications 272.584 and 421 .659 or in U.S. patent 4.978.730. 

The cocatalyst having general formula (II), or its salt, is known in literature and is described in published European 
patent applications 421 .659 and 482.934. 

The preferred cocatalyst among those having general formulae (II), (IV) or (V) is methytalumoxane (MAO), a mix- 

so ture of linear oligomers with m average of between 10 and 20 and cycDc oligomers with m average of between 10 and 
20. The cocatalyst is generally used in such quantities that the molar ratio aluminium/M is between 50 and 2,000 or 
such that the ratio boron/M is between 0.5 and 10. 

Preferred derivatives of tin of the present invention are Sn(CHs) 4 ; SnfC^Hs)*; SnfoH^; Snfl-C 3 H 7 ) 4 ; Sn(C 4 H 9 ) 4 ; 
Sn(C 6 H5) 4 ; Sn(CH 2 CeH 5 ) 4 ; etc. These compounds are added to the polymerization mixture in such a quantity that the 

ss molar ratio Sn/M is between 0.01 and 1 00, preferably between 0.1 and 50. 

According to the process of the present invention, the catalytic system described above can also comprise, option- 
ally, an aluminium alkyl wherein the alkyl group contains from 1 to 6 carbon atoms, for example aluminuim trimethyl, 
aluminium triethyl. aluminium triisobutyl, etc., in such quantities that the molar ratio aluminium alkyl/M is between 0 and 
800. 
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The term 'Vinyl aromatic polymers" as used in the present description and in the claims essentially refers to poly- 
mers of styrene and derivatives of styrene and the relative copolymers containing up to 20% in moles of another copo- 
lymerlzable monomer selected from those having general formula (V): 

5 CH 2 = CH-R" (V) 

wherein FT' represents a hydrogen atom or a C r C6 alkyl radical or a C4-G12 cycloalkyl radical. 

Derivatives of styrene comprise alkyl styrenee, in which the alkyl group contains from 1 to 4 carbon atoms, halo- 
genated styrenes, C r C 4 alkoxy styrenes, carboxy styrenes, vinylnaphthalenes, such as alpha- or beta-vinyl naphtha- 
10 lene, vinyl tetrahydro naphthalene such as 1 ( 2,S,4-tetrahydro-6-vinyl naphthalene, etc. Typical examples of substituted 
styrenes are p-methyistyrene, m-methytstyrene, alone or mixed with each other, ethylstyrene, butytstyrene, p-ter-butyl- 
styrene. dimethylstyrene, chlorostyrene. bromostyrene. f luorostyrene, chloromethyistyrene, methoxystyrene. acetoxy 
methytetyrene, etc. 

The polymerization reaction can be carried out In mass or in solvent. In the second case, the solvent can consist 
15 of aliphatic or aromatic hydrocarbons or their mixtures and is used in such quantities that the ratio by volume sol- 
vent/monomers is between 0 and 10. The preferred solvent is toluene. 

More specifically, according to the general procedure adopted for this type of reaction, the vinylaromatic monomers 
are subjected to treatment, before polymerization, to eliminate catalytic poisons, such as phenol stabffizers, water, phe- 
nytacetylene, and consisting in distillation, passage over columns containing activated molecular sieves or activated 
20 alumina etc. The monomers and, optionally, the solvent are charged into the reaction equipment together with the pos- 
sible aluminium alkyl and cocatalyst. After a time varying from 5 seconds to 30 minutes, the catalytic system comprising 
the titanium complex having general formula (I) and the derivative of tin having general formula (111), is added, preferably 
in the form of a solution. The reaction proceeds for times varying from 15 minutes to 10 hours at temperatures of 
between 20 and 100°C. At the end, the polymer obtained is recovered using the traditional methods. 
25 Some illustrative but not limiting examples are provided for a better understanding of the present invention and of 
its embodiment. 

Analysis procedures: 

The percentage of syndiotactic polymer is determined by extracting the polymer with acetone or methytethyikBtone 
so (MEK) at boiling point for 10-20 hours. 

- The degree of stereoregularity is determined by nuclear magnetic resonance spectroscopy of carbon 13 as 
described in U.S. patent 4,680,353. 

The molecular weights ol the polymers obtained were determined by Gel Permeation Chromatography in trichlo- 
rcbenzeneat 13S*C. 

35 

The percentages indicated in the examples are relative percentages. 
COMPARATIVE EXAMPLE 1 

40 1 6 ml of styrene (0. 140 moles) purified by passage on a basic alumina column, 2 ml of an 0.01 M solution in toluene 
of tin tetramethyt (2 x 10' 5 moles) and then 0.5 ml of an 0.01 M solution in toluene of (pentamethylcyclopentadienyl) tita- 
nium trichloride (5 x 10~ 6 moles), were introduced into a tailed test-tube in an inert atmosphere. 

The reaction was carried out for 2 hours at 60°C. At the end, the mixture was suspended in 200 ml of methanol con- 
taining 2 ml of concentrated HCl. No solid product was obtained. 

45 

COMPARATIVE EXAMPLE 2 

16 ml of styrene (0.1 40 motes) purified by passage on a basic alumina column, 0.75 ml of a 2 M solution in toluene 
of aluminium triethyl (1 .5 x 1 0" 3 moles), 2 ml of an 0.01 M solution in toluene of tin tetramethyl (2 x 10' 5 moles) and then 
so 0.5 ml of an 0.01 M solution in toluene of (perttamethylcydoperTtadienyl) titanium trichloride (5 x 10" 6 moles), were intro- 
duced into a tailed test-tube in an inert atmosphere. 

The reaction was carried out for 2 hours at 60°C. At the end, the mixture was suspended in 200 ml of methanol con- 
taining 2 ml of concentrated HCl and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
uum. 1 26 mg (yield 0.9%) of atactic polystyrene were obtained. 

55 

COMPARATIVE EXAMPLE 3 

16 ml of styrene (0. 1 40 moles) purified by passage on a basic alumina column, and 0.96 ml of a 1 .57 M solution in 
toluene of methylaluminoxane (1 .5x10* 3 moles) were introduced into a tailed test-tube in an inert atmosphere. After 5 
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minutes 0.5 ml of an 0.01 M solution in toluene of tin tetramethyl (5 x 10" 6 moles) were added. 

The reaction was carried out for 5 hours at 60°C. At the end, the mixture was suspended In 200 ml of methanol con- 
taining 2 ml of concentrated HCI and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
uum. 71 1 mg (yield 4.9%) of atactic polystyrene were obtained. 

5 

Weight average molecular weight (Mw): 78,000; 
Number average molecular weight (Mn): 1 4.000. 

COMPARATIVE EXAMPLE 4 

10 

20 ml of styrene (0.175 moles) purified by passage on a basic alumina column and 1.2 ml of a 1 .57 M solution in 
toluene of methylaluminoxane (1 .88 x 10* 3 moles) were introduced into a tailed test-tube in an inert atmosphere. After 
5 minutes 0.5 mi of an 0.0125 M solution in toluene of (pemamethylcydopentadienyl)titanium trichioride (6.25 x 10 -6 
moles) were added. 

75 The reaction was carried out for 2 hours at 60°C. At the end, the mixture was suspended in 200 ml of methanol con- 
taining 2 ml of concentrated HCI and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
uum. 1.13 g (yield 6.2%) of polymer were obtained. 

Fraction insoluble in metylethylketone (MEK): 77%. 13-C NMR analysis showed that the insoluble fraction had a 
percentage of syndiotactic dyads of 99.99%. 

20 

Weight average molecular weight (Mw): 300,000; 
Number average molecular weight (Mn): 1 67,000. 

COMPARATIVE EXAMPLE 5 

25 

20 ml of styrene (0.175 moles) purified by passage on a basic alumina column and 1.2 ml of a 1 .57 M solution In 
toluene of methylaluminoxane (1.88 x 10" 3 moles) were introduced into a tailed test-tube in an inert atmosphere. After 
5 minutes 0.5 ml of an 0.01 25 M solution in toluene of titanium tetraethoxide (6.25 x 1 0* 6 moles) were added. 

Tne reaction was carried out for 5 hours at 60°C. At the end, the mixture was suspended in 200 ml of methanol con- 
30 taining 2 ml of concentrated HCI and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
uum. 1.38 g (yield 7.6%) of polymer were obtained. 

Fraction insoluble in metylethylketone (MEK): 86%. 13-C NMR analysis showed that the insoluble fraction had a 
percentage of syndiotactic dyads of 99.5%. 

55 Weight average molecular weight (Mw): 368,000; 
Number average molecular weight (Mn): 1 64,000. 

COMPARATIVE EXAMPLE 6 

40 20 ml of styrene (0.175 moles) purified by passage on a basic alumina column and 1 .2 ml of a 1 .57 M solution in 
toluene of methylaluminoxane (1.88 x 10" 3 moles) were Introduced into a tailed test-tube In an inert atmosphere. After 
5 minutes 2.2 ml of an 0.0285 M solution in toluene of findenyl)tjtanium trichloride (6.25 x 10" 6 moles) were added. 

The reaction was carried out for 2 hours at 60°C. At the end, the mixture was suspended in 200 ml of methanol con- 
taining 2 ml of concentrated HCI and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
45 uum. 2.11 g (yield 1 1 .6%) of polymer were obtained. 

Fraction insoluble in metylethylkBtone (MEK): 86%. 13-C NMR analysis showed that the insoluble fraction had a 
percentage of syndiotactic dyads of 99.5%. 

Weight average molecular weight (Mw): 250,000; 
so Number average molecular weight (Mn): 1 27,000. 

COMPARATIVE 7 

20 ml of styrene (0.175 moles) purified by passage on a basic alumina column and 1.2 ml of a 1 .57 M solution in 
55 toluene of mathylaluminoxane (1.88 x 10" 3 moles) were introduced into a tailed test-tube m an inert atmosphere. After 
5 minutes 0.5 ml of an 0.0125 M solution in toluene of (cydopentarfienyl) titanium trichloride (6.25 x 10" 6 moles) were 
added. 

The reaction was carried out for 2 hours at 60°C. At the end. the mixture was suspended in 200 ml of methanol con- 
taining 2 ml of concentrated HCI and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
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uum. 4.18 g (yield 31.6%) of polymer were obtained. 

Fraction Insoluble in metylethylketone (MEK): 89.3%. 13-C NMR analysis showed that the insolii>le fraction had a 
percentage of syndiotactic dyads of 97.8%. 

5 Weight average molecular weight (Mw): 93,000; 
Number average molecular weight (Mn): 50,000. 

COMPARATIVE EXAMPLE 8 

w 22.9 ml of styrene (0.2 moles) purified by passage on a basic alumina column and 0.4 ml of a 1.57 M solution in 
toluene of methylaluminoxane (6 x 10" 4 mole6) were introduced into a tailed test-tube in an inert atmosphere. After 5 
minutes 0.2 ml of an 0.01 M solution in toluene of (cyclopentadienyl)titanium trichloride (2 x 10" 6 moles) were added. 

The reaction was carried out for 2 hours at 60°C. At the end. the mixture was suspended in 200 ml of methanol con- 
taining 2 ml of concentrated HCI and filtered. The solid was egain suspended In methanol, filtered and dried under vac- 
is uum. 4.55 g (yield 21.9%) of polymer were obtained. 

Fraction insoluble in metylethylketone (MEK): 85%. 13-C NMR analysis showed that the insoluble fraction had a 
percentage of syndiotactic dyads of 98.5%. 

Weight average molecular weight (Mw): 132,000; 
20 Number average molecular weight (Mn): 47,000. 

EXAMPLE 1 

16 ml of styrene (0. 1 4 moles) purified by passage on a basic alumina column, 0.96 ml of a 1 .57 M solution In tdu- 
25 ene of MAO (1 .51 x 1 0" 3 moles), 0.5 ml of an 0.01 M solution in toluene of tin tetramethyl (5 x 10~ 6 moles) and then 0.5 
ml of an 0.01 M solution in toluene of (perrtajriethylcycloperrtadienyl)titanium trichloride (5 x 10" 6 moles) were Intro- 
duced into a tailed test-tube in an inert atmosphere. 

The reaction was earned out for 2 hours at 60°C. At the end, the mixture was suspended in 200 ml of methanol con- 
taining 2 ml of concentrated HCI and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
30 uum. 1 .84 g (yield 12.7%) of polymer were obtained. 

Fraction insoluble in metylethylketone (MEK): 65%. 13-C NMR analysis showed that the insoluble fraction had a 
percentage of syndiotactic dyads greater than 99.99% 

Weight average molecular weight (Mw): 505,000; 
as Number average molecular weight (Mn): 221 ,000. 

EXAMPLE 2 

16 ml of styrene (0. 1 4 moles) purified by passage on a basic alumina column, 0.96 ml of a 1 .57 M solution in tdu- 
40 ene of MAO (1 .5 x 1 0" 3 moles), 2 ml of an 0.01 M solution in toluene of tin tetramethyl (2 x 10" 5 moles) and then 0.5 ml 
of an 0.01 M solution In toluene of (pentamethylcycloperrtadienyl)titanlum trichloride (5 x 10' 6 moles) were Introduced 
into a tailed test-tube in an inert atmosphere. 

The reaction was carried out for 2 hours at 60°C. At the end, the mixture was suspended in 200 mi of methanol con- 
taining 2 ml of concentrated HCI and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
46 uum. 2.5 g (yield 1 7.7%) of polymer were obtained. 

Fraction insoluble in metylethylketone (MEK): 76%. 13-C NMR analysis showed that the insoluble fraction had a 
percentage of syncfiotactic dyads greater than 99.99% 

Weight average molecular weight (Mw) : 1 ,350,000; 
so Number average molecular weight (Mn): 300,000. 

EXAMPLE 3 

16 ml of styrene (0. 1 4 moles) purified by passage on a basic alumina column, 0.96 ml of a 1 .57 M solution in tolu- 
55 ene of MAO (1 .5 x 1 0* 3 moles). 2 ml of an 0.01 M solution in toluene of tin tetraphenyl (2 x 10" 5 moles) and then 0.5 ml 
of an 0.01 M solution in toluene of (pentamethylcydopentadienyl)titanium trichloride (5 x 10* 6 moles) were introduced 
into a tailed test-tube in an inert atmosphere. 

The reaction was carried out tor 2 hours at 60°C. At the end, the mixture was suspended In 200 ml of methanol con- 
taining 2 ml of concentrated HCI and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
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uum. 2.13 g (yield 14.6%) of polymer were obtained. 

Fraction Insoluble in metylethyftetone (MEK): 79%. 13-C NMR analysis showed that the insoluble fraction had a 
percentage of syndiotactic dyads greater than 99.99%. 

5 Weight average molecular weight (Mw): 590,000; 
Number average molecular weight (Mn): 257,000. 

EXAMPLE 4 

w 1 6 ml of styrene (0.14 moles) purified by passage on a basic alumina column, 0.48 ml of a 1.57 M solution in tolu- 
ene of MAO (7.5 x 10* 4 moles), 2 ml of an 0.01 M solution in toluene of tin tetraphenyl (2 x 1 0' 5 moles) and then 0.5 ml 
of an 0.01 M solution In toluene of (pentamethylcyclopentadlenyl)titanium trichloride (5 x 10' 6 moles) were introduced 
into a tailed test-tube in an inert atmosphera 

The reaction was carried out for 2 hours at 60°C. At the end, the mixture was suspended in 200 ml of methanol con- 
75 taining 2 ml of concentrated HCI and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
uum. 1 .39 g (yield 9.6%) of polymer were obtained. 

Fraction insoluble in metylethylkBtone (MEK): 84%. 13-C NMR analysis showed that the insoluble fraction had a 
percentage of syndiotactic dyads greater than 99.99%. 

20 Weight average molecular weight (Mw): 624,000; 
Number average molecular weight (Mn): 300,000. 

EXAMPLE 5 

25 16 ml of styrene (0.14 moles) purified by passage on a basic alumina column, 0.96 ml of a 1.57 M solution in tolu- 
ene of MAD (1 .5 x 10- 3 moles), 0.5 ml of an 0.01 M solution in toluene of tin tetramethyl (5 x 1 0' 6 moles) and then 0.5 
ml of an 0.01 M solution in toluene of titanium tetraethcxide (5 x 10* 6 moles) were introduced into a tailed test-tube in 
an inert atmosphere. 

The reaction was carried out for 5 hours at 60°C. At the end, the mixture was suspended in 200 ml of methanol con- 
so taining 2 ml of concentrated HCI and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
uum. 3.13 g (yield 21.5%) of polymer were obtained. 

Fraction insoluble in metytethyiketone (MEK): 79%. 13-C NMR analysis showed that the insoluble fraction had a 
percentage of syndiotactic dyads of 99.4%. 

55 Weight average molecular weight (Mw): 352,000; 
Number average molecular weight (Mn): 1 66,000. 

EXAMPLE 6 

40 1 6 ml of styrene (0.14 moles) purified by passage on a basic alumina column, 0.96 ml of a 1.57 M solution in tolu- 
ene of MAO (1 .5 x 10 s moles), 2 ml of an 0.01 M solution In toluene of tin tetramethyl (2 x 10' 5 moles) and then 0.5 ml 
of an 0.01 M solution in toluene of titanium tetraethcxide (5 x 10" 6 moles) were introduced into a tailed test-tube in an 
inert atmosphere. 

The reaction was carried out for 5 hours at 60°C. At the end, the mixture was suspended in 200 ml of methanol con- 
45 taining 2 ml of concentrated HCI and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
uum. 2.04 g (yield 14%) of polymer were obtained. 

Fraction insoluble in metylethylketone (MEK): 84%. 13-C NMR analysis showed that the insoluble fraction had a 
percentage of syndiotactic dyads of 99.6%. 

so Weight average molecular weight (Mw): 390,000; 
Number average molecular weight (Mn): 1 90,000. 

EXAMP15 7 

55 1 6 ml of styrene (0.14 moles) purified by passage on a basic alumina column, 0.96 ml of a 1 .57 M solution in tolu- 
ene of MAO (1 .5 x 10' 3 moles). 2 ml of an 0.01 M solution in toluene of tin tetraphenyl (2 x 10' 5 moles) and then 0.5 ml 
of an 0.01 M solution In toluene of titanium tetraethaxjde (5 x 10" 6 moles) were Introduced into a tailed test-tube in an 
inert atmosphere. 

The reaction was carried out for 5 hours at 60°C. At the end, the mixture was suspended in 200 ml of methanol con- 
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taining 2 ml of concentrated HCI and tittered. The solid was again suspended in methanol, ratered and dried under vac- 
uum. 1 .8 g (yield 12.4%) of polymer were obtained. 

Fraction insoluble in metylethylketone (MEK): 53%. 13-C NMR analysis shewed that the insoluble fraction had a 
percentage of syndiotactic dyads of 99.5%. 

Weight average molecular weight (Mw) : 364,000; 
Number average molecular weight (Mn): 1 86.000. 

EXAMPLE Q 

20 ml of styrene (0.175 moles) purified by passage on a basic alumina column, 1.2 ml of a 1 .57 M solution in tolu- 
ene of MAO (1.88 x 10 s moles), 2.35 ml of a 0.0013 M toluene solution of tin tetramethyl (3.12 x 10" B moles) and a 
0.0027 M of (indenyl)tjtanium trichloride (6.25 x 10" 6 moles) were introduced into a tailed test-tube in an inert atmos- 
phere. 

The reaction was carried out for 2 hours at 60°C. At the end, 1he mixture was suspended in 200 ml of methanol con- 
taining 2 ml of concentrated HCI and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
uum. 3.65 g (yield 20%) of polymer were obtained. 

Fraction insoluble in metylethylketone (MEK): 94%. 13-C NMR analysis showed that the insoluble fraction had a 
percentage of syndiotactic dyads of 99.6%. 

Weight average molecular weight (Mw): 233,000; 
Number average molecular weight (Mn): 99,000. 

EXAMPLE 9 

16 ml of styrene (0. 14 moles) purified by passage on a basic alumina column. 0.96 ml of a 1 .57 M solution in tolu- 
ene of MAO (1.5 x 10* moles). 2 ml of an 0.01 M solution in toluene of tin tetraphenyl (2 x 10" 5 moles) and then 0.5 ml 
of an 0.01 M solution in toluene of (cyclopentadienyOtitanium trichioride (5 x 10' 6 moles) were introduced into a tailed 
test-tube in an inert atmosphere. 

The reaction was earned out for 2 hours at 60°C. At the end, the mixture was suspended in 200 ml of methanol con- 
taining 2 mi of concentrated HCI and filtered. The solid was again suspended in methanol, f feared and dried under vac- 
uum. 6.13 g (yield 42.1%) of polymer were obtained. 

Fraction insoluble in metylethylketone (MEK): 84%. 13-C NMR analysis showed that the insoluble fraction had a 
percentage of syndiotactic dyads of 98. 1%. 

Weight average molecular weight (Mw): 1 40,000; 
Number average molecular weight (Mn): 52,000. 

EXAMPLE 10 

16 ml of styrene (0. 1 4 moles) purified by passage on a basic alumina column. 0.96 ml of a 1 .57 M solution In tolu- 
ene of MAO (1.5 x 10 -3 molee), 0.5 ml of an 0.01 M solution in toluene of tin tetramethyl (5 x 10" 6 moles) and then 0.5 
ml of an 0.01 M solution in toluene of (cyclopentadienyl)trtanium trichloride (5 x 1 0* 6 moles) were introduced into a tailed 
test-tube in an inert atmosphere. 

The reaction was carried out for 2 hours at 60*C. At the end, the mixture was suspended in 200 ml of methanol con- 
taining 2 mi of concentrated HCI and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
uum. 3.16 g (yield 21.7%) of polymer were obtained. 

Fraction insoluble in metylethylketone (MEK): 79%. 13-C NMR analysis showed that the insoluble fraction had a 
percentage of syndiotactic dyads of 98.2%. 

Weight average molecular weight (Mw): 124,000; 
Number average molecular weight (Mn): 63,000. 

EXAMPLE 11 

22.9 ml of styrene (0.2 moles) purified by passage on a basic alumina column, 0.2 ml of a 1 .57 M solution in toluene 
of MAO (3 x 10 -4 moles), 2 ml of an 0.01 M solution in toluene of tin tetraphenyl (5 x 10 5 moles) were Introduced into a 
tailed test-tube in an inert atmosphere. After 5 minutes 0.2 ml of an 0.01 M solution in toluene of (cydopentadienyOtfta- 
nium trichloride (2 x 10" 6 moles) were added. 
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The reaction was carried out for 2 hours at 60°C. At the end, the mixture was suspended in 200 ml of methanol con- 
taining 2 ml of concentrated HCI and filtered. The solid was again suspended in methanol, filtered and dried under vac- 
uum. 4.33 g (yield 20.8%) of polymer were obtained. 

Fraction insoluble in metylethylketone (MEK): 90%. 13-C NMR analysis showed that the insoluble fraction had a 
5 percentage of syndiotactic dyads of 98.3%. 

Weight average molecular weight (Mw): 1 46.0O0; 
Number average molecular weight (Mn): 86.000. 

10 Claims 

1. A process for the preparation of crystalline vinylaromatic polymers with a predominantly syndiotactic structure 
which comprises polymerizing vinylaromatic monomers, alone or mixed with at least another copolymerizabie eth- 
ylenlcally unsaturated monomer, in the presence of a catalytic system essentially consisting of: 

75 

a) a complex of titanium or zirconium selected from those having general formula: 

MR 1 R 2 R 3 R4. AfMR^Ffe, A 1 A 2 MR 1 R 2 0) 

20 wherein the groups R 1f Ffe, R 3 and R 4 , the same or different, represent a C^ 0 (iso)alky1, (isojalkaxyl, alkyl- 

amkJic radical, a Cg-C 10 aryl radical or a halogen such as chlorine whereas the A t and Ag groups, the same or 
different, represent a cyclopentadienyl ligand. optionally substituted with CrC^ alkyl radicals, or an indenyl 
ligand; M represents a titanium or zirconium atom; 

b) a cocatalysl selected from an aikylalumoxane and a compound of boron having formula (II): 

25 

BX^Xa (II) 

or one of its salts, wherein X 1f X 2 and X3, the same or different, represent a C r C2o fluorinated hydrocarbon 
radical; and 

so c) a derivative of tin having general formula: 

SnRgReRyRe (ill) 
wherein the R5, Re, R 7 and R B groups, the same or different represent a C^ 0 (iso)alkyl or aryl radical. 

55 

2. The process according to claim 1, wherein the molar ratio vinylaromatic monomer/M is between 1,000 and 
200.000. 

3. The process according to claim 1 or 2, wherein the cocatalyst is used in such quantities that the molar ratio alumin- 
40 ium/M is between 50 and 2000 or the ratio boron/M is between 0.5 and 1 0. 

4. The process according to any of the previous claims, wherein the derivative of tin is added to the polymerization 
mixture in such a quantity that the molar ratio Sn/M is between 0.01 and 1 00. 

45 5. The process according to any of the previous claims, wherein the above catalytic system comprises an aluminium 
alkyl wherein the alkyl group contains from 1 to 6 carbon atoms. 

6. The process according to claim 5, wherein the molar ratio aluminium alkyl/M is between 0 and 800. 

so 7. The process according to any of the previous claims, wherein the polymerization reaction Is carried out In mass or 
in solvent 

8. The process according to claim 7, wherein the solvent is used in such quantities that the ratio by volume sol- 
vent/monomers is between 0 and 10. 

55 

9. The process according to any of the previous claims, wherein the polymerization is carried out at temperatures of 
between 20 and 100°C. 

10. A catalytic composition comprising: 
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a) a complex of titanium selected from those having general formula: 

MR^RaR* A 1 MR 1 R 2 Rs, A 1 A 2 MR 1 R 2 (I) 

wherein the groups R,. R 2 . R3 and R4. the same or different represent a C r C 10 (iso)alkyl, (iso)altaxyl, alkyl- 
amidic radical, a Ce-C^ aryl radical or a halogen such as chlorine whereas the A 1 and A2 groups, the same or 
different, represent a cyclopentadienyl ligand, optionally substituted with C r C 10 alkyl radicals, or an indenyl 
ligand; M represents a titanium or zirconium atom; 

b) a cocatalyst selected from an alkylalumoxane and a compound of boron having formula (II): 

BXiXaXa (H) 

or one of its salts, wherein X 1p X2 and X3, the same or different, represent a C r C 2 o fluorinated hydrocarbon 
radical; and 

c) a derivative of tin having general formula: 

SnRgRfiRyRs 0") 
wherein the R5, Re, R7 and Re groups, the same or different, represent a C r C 10 (iso)alkyl or aryl radical: 
11. Useofac^lyticcorTpositionoorrprising: 

a) a complex of titanium selected from those having general formula: 

MR 1 R 2 R 3 R 4 , A^R^Ra, A t A 2 MR 1 R 2 (I) 

wherein the groups R tl R 2 , R3 and R* the same or different represent a C A -C AQ (iso)alkyl, (iso)alkoxyl, alkyl- 
amidic radical, a C$-Cyo aryl radical or a halogen such as chlorine whereas the A-j and A 2 groups, the same or 
different represent a cyclopentadienyl ligand, optionally substituted with C r C 10 alkyl radicals, or an indenyl 
ligand; M represents a titanium or zirconium atom; 

b) a cocatalyst selected from an alkylalumoxane and a compound of boron having formula (II): 

BX^Xa (II) 

or one of its salts, wherein x 1f X 2 and X3, the same or different, represent a C r C 20 fluorinated hydrocarbon 
radical; and 

c) a derivative of tin having general formula: 

SnR 5 R6R 7 R 8 (III) 
wherein the R* Re, R 7 and Re groups, the same or different, represent a C r C 1D (lso)alkyl or aryl radical; 
in the preparation of crystalline vinylaromatic polymers having a predominantly syndiotactic structure. 
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